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WI0C1SS FOR PROOyeilf© -^(a)-ALUMfNA IH3ffirt»&R. 



Abstract: 

An aJfetia -aHirafna powder to produced by gran visiting at toast one starting material 
setorti'froifi among transition aiurntea ana alumina eofrapouitds and firing the oiiiatned 
granule© in a gaseous atmosphere containing a -hydrogen haHda, a gaseous atmosphere 
containing a halogen, or an atmosphere containing a mfectur® of a halogen gas wHh steam 
and at least one hataaen compound selected from among at toast 0.1 vo.l.% of hydrogen 
hallde gases and halogen gases, ft is possible to produce an alpha -alumina powier 
h® v i n g controlled granular term and diameter and a narrow grain size diatrftottjon and 
containing little aggregated granules at a high firing afflcfaney by grattutotitii the 
powdery starling material to increase the bulk density and f iring the granules In the 

presence of a halogen. 
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® PROCESS FOB PRODUCING -ft(a>- ALUMINA P0WDER 



© An a-alumina powder is produced by granulating at least one starting material selected from among 
transition alumina and alumina compounds and firing the obtained granules in a gaseous atmosphere containing 
a hydrogen halide, a gaseous atmosphere containing a halogen, or an atmosphere containing a mixture of a 
halogen gas with steam and at leaet one halogen compound selected from among at least 0.1 vol.% of hydrogen 
haHde gases and halogen gases, ft Is possible to produce an a-alumina powder having controlled granular form 
and diameter and a narrow grain size distribution and containing tittle aggregated granules at a high firing 
efficiency by granulating the powdery starting material to increase the bulk density and firing the granules in the 
presence of a halogen. 
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FIELD OF THE INVENTION 

The present invention relates to a method for producing ar-aiumina powder having regutated particle 
size and particle shape and a narrow particle size distribution and contains fewer agglomerated particles at 
5 a high calcining efficiency. 

PRIOR ART 

Alpha-alumina powder is widely used as .a raw material of an-ab?asjvo-- S SWtittI WmMA 
to But, the a-alumlna -powder which is produced by a conventional method such as the Bayer method is a 
polycrystaf having a nonuniform shape, contains many agglomerated particles and has a wide particle size 
distribution, in addition, for some applications, an os-alumina purity is low. 

Then, following modified methods have been proposed but, each has drawbacks as follows: 
For example, Japanese Patent KOKAI Publication No. 131517/1991 discloses a method comprising 
75 melting aluminum hydroxide to which a flux is added and precipitating a-aiumina, but a particle shape of the 
obtained a-alumsna powder is nonuniform. 

A hydrothermal method using aluminum hydroxide disclosed in Japanese Patent Publication No. 
22889/1932 controls the particle size by the addition of corundum as a seed crystal. However, this 
production method is not effective industrially, since it produces a-aiumina under a high pressure in a long 
20 time. 

A method disclosed in Japanese Patent KOKAj Publication No. 97528/1984 comprising calcining 
aluminum hydroxide in the presence of a mineralizer ca ^^^^ e a-fclumina powder having a uniform 
particle shape, but v-alumina powder contains te$|ftE&^ M^ed, as a minerafizer in 

25 % ' ' ^ 1^ the pradurad a-alumlna powder has a 

low packing property and cannot be homogeneously packed since the control of the particle size of the 
produced «-alumina powder is difficult, the particle shape is nonuniform,, ^alumina powder includes the 
many agglomerated particles which are polycrystal, or a-alumina powder has the wide particle size 
distribution, 

30 As the result of extensive studies, it has been found that, when the alumina starting material is calcined 
in the presence of halogen in a specific concentration described below, a-afumina powder having regulated 
particle size and shape and a narrow particle size distribution is easily obtained. However, since transition 
alumina used as the starting material has a low bulk density of 0.1 g/cm 2 , the packing property of the 
powder is still insufficient, and therefore a calcining efficiency is not necessarily sufficient. 

35 To Increase the bulk density, it is known to granulate the starting material powder. But, when the 
powder is granulated and then calcined, many agglomerated particles are formed. 

SUMMARY OF THE INVENTION 

40 As the result of further study, it has been found that, when the a-alumina powder is granulated to 
increase its bufk density and then the particles are calcined in an atmosphere containing at least 0,1 % by 
volume of halogen, the a-alumina powder having the regulated particle size and shape and the narrow 
particle size distribution and containing less agglomerated particles can be obtained, and the present 
invention has been completed. 

43 Accordingly, the present invention provides a method for producing a-alumina powder comprising the 
steps of granulating at least one atumina starting material selected from group consisting of transition 
alumina and alumina compounds tajjM^ to a halogen-containing 

atmosphere which comprises a : fl^o|S : h hilidl- ;;; gas,' a -halogen gas : or a mixture of a halogen gas and 
steam and contains at least 0.1 % by volume of at least one halogen-containing gas selected from the 

so group consisting of hydrogen halide gas and halogen gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

.Fig, 1 is a scanning electron microscopic photograph {x 4900) of the a-alumina powder produced in 
ss Example 5, and 

Fig, 2 shows a particle size distribution of the .a-alumina powder produced in Example 5, 



EP 0 880 S29 A1 



DETAILED DESCRIPTION OF THE INVENTION 



an alumina 
af, a shape- 



i^^Hlio production method of the present invention, 
compound or a mixture thereof is granulated and can be used. If necessafj; a see 
regulating agent or both of them can be added to the starting material and granulated. 

The transition alumina used herein is Intended to mean any alumina having a polymorph represented 
by AI2Q3 except a-alumina, Specific examples of the transition alumina are -/-alumina, fi-alumina, 9-alumina, 
and so oh, 

The alumina compound to be used as a stating material is not limited. Examples thereof are aluminum 
hydroxide, aluminum sulfate, alum such as potassium aluminum sulfate and ammonium aluminum sulfate, 
ammonium aluminum carbonate, alumina gel which is obtained from aluminum by a submarine discharge 
method, and so on. 

A preparation method of the transition alumina or the alumina compound is not limited. They may be 
prepared by any of conventional methods such as heat treatment of aluminum hydroxide, decomposition of 
aluminum sulfate, decomposition of alum, gas phase decomposition of aluminum chloride, decomposition of 
ammonium aluminum carbonate, a Bayer process, hydrolysis of an organic aluminum compound such as 
aluminum isopropoxide, a method using, as a raw material, an etching waste liquid recovered in a 
production of capacitors, and the like. 

By the method of the present invention, it Is possible to obtain desired a-aiumina powder from 
aluminum hydroxide or transition alumina having a particle size of 10 Aim or larger which is produced by an 
economical industrial method such as the Bayer process. 

To control the particle size of a-aiumina powder in a suitable range, qk^fcn/m is preferably added 
to the alumina starting material. 

The seed crystal is intended to mean a crystal which functions as a growing site for the crystal growth 
of a-alumina powder. Any seed crystal can b© used insofar as a-aiumina particle can grow around it. 
Specific examples of the seed crystal are compounds such as oxides, nitrides, oxynitrides, carbides, 
carbonttrides, halides aluminum, titanium, vanadium, chromium, iron, nickel, etc. Among 

them, the oxides and nitrides are preferred, in particular, the oxides are preferably used. 

These metal compounds may be used independently or as a mixture of two or more of them. 

An amount of the seed crystal to be added is usually from 1CT 3 to 50 parts by weight, preferably from 
1G~ 3 to 30 parts by weight, more preferably from 1D^ 3 to 10 parts by weight per 100 parts by weight of the 
starting material an amount of which is reduced to alumina. The amount of alumina herein used is intended 
to mean a net amount of alumina after subtracting a weight of absorbed water or crystal water which may 
be contained in the starting material transition alumina or aluminum hydroxide. 

A primary particle size of the obtained a-alumina can foe controlled by tie number of the seed crystals. 
As the number of the seed crystals Increases, the particfe size decreases. 

To add the seed crystal, various methods such as stirring, ball milling, ultrasonic dispersing, and the 
iike can be used. Instead of the addition of seed crystal, abraded particles from a material of a mixing 
apparatus may be used to control the particle size of a-alumina powder. For example, when alumina balls 
are used in the ball mifl, abraded particles of alumina are mixed as the seed crystal in the starting material 
to control the particle size of a-alumina powder. 

To regulate the particle shape of a-aiumina powder, 

§|| "ivjfi^regtilating agent functions during the growth of a-aiumina crystal to regulate a DfH ratio 
(where D is the maximum particle size in a direction parallel to the hexagonal lattice plane and H is a 
particle size in a direction perpendicular to the hexagonal lattice piano) and crystal habit. Any material 
having such function can be used. wmea&p*i 

Example uf tfe IfapMip'fe^ agent are single metals such as ^magnesium, dlMurti, strontium, 
yttrium, zircomum : nsobium, vanadium, molybdenum, ooppw,_^nG t MKMK^\mf\, lanthanum, cerium, 
neodymium, etc, and compounds of these metals such as J§|j$Ht nitrides, oxynitrides, carbides, car- 
foonitrides, halides Siiiietc. Among them, the oxides are preferred. 

The single metals and the metal compounds may be used independently or as a mixture of two or 
more of them. 

Vanadium functions as the seed crystal also. 

10" 3 to J&3 p^rts by wel^t; more preferably from l<r 3 -to 10 parts by weight per 100 parts by wefht of the 
slfag ft$ttti?i an amount of which is reduced to alumina. 
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|, silicon, 



As the shape-regulating agent which increases the D/H ratio, there is used magnesium^ 
copper, molybdenum, niobium, zinc, zirconium, vanadium or strontium. 

As the sh&pe-regulating agent which decreases the D/H ratio, there is used lanthanum, cerium or 
neodymiunrv 

When the crystal habit is to be controlled, as the shape-regulating agent for forming the n face, there is 
used lanthanum, cerium, neodymium or zirconium. To form the a-alumina particle having the c and r faces, 
calcium is used. To disappear the a face, zirconium is used, To form a hexagonal cylinder having the a and 
c faces, boron is used. 

To add the shape-regulating agent, various methods such as ball milling, ultrasonic dispersing, m& the 
like can be used. Alternatively, abraded particles from a material a mixing apparatus such as a mixing 
medium may be used as the shape-regulating agent 

To regulate the particle size aid shape of a-alumina powder, the seed crystal and the shape-regulating 
agent are added at the same time. Thereby, ^-alumina powder having a primary particle size and a particle 
shape which are suitable for an intended use can be produced. 

In this case, a total amount of them is usually from 10~ 3 to 50 parts by weight preferably from 10^ 3 to 
30 parts by weight, more preferably from 10" 3 to 10 parts by weight per 100 parts by weight of the starting 

material an amount of which is reduced to alumina. ... i()[ . [r ^ s _ ./^jjj 

in the present invention, W -vhumm starting niaterial poYt&BT^SlmFSm granulation. A granulation 
method is not limited. For example, the powder can be granulated by a wet method such as stirring 
granulation, rolling granulation, fluidizjng granulation, spraying granulation, etc. using a HenscheS mixer, a 
vertical granulator, a spray drier, a pan type granuiator, a roller compactor and so on with the addition of a 
binder such as water or an alcohol such as methanol, ethanol, isopropanot etc. 

When an apparent bulk density is increased to 0.15 g/cm 3 or larger, since a packed amount of the 
particles is larger than the starting powder having the apparent bulk density of about 0.1 g/cm 3 , so that a 
calcining efficiency is improved, and other effects such as suppression of floating of the powder during 
processing, improvement of flowabiiity, and so on are achieved. 

In general, it is known that when a powder is granulated and its apparent bulk density is increased, 
productivity and workability are improved. However, when the raw materia! powder is granulated, the 
granulation leads to formation of agglomerated particles, whereby quality of a product is greatly decreased. 
But, according to the method of the present invention in which j 

steam in tHe concentration described below, and optionally the comminution step and the halogen-removing 
step are combined, the a-alumina powder can be produced with improving the productivity and workability 
are improved but forming ro ^J*** agglomerated particles 

explained, 

When the hydrogen halide is used in the firing step, a concentration of the hydrogen halide is at least 
0.1 % by volume, preferably at least 0.5 % by volume, more preferably at least 1 % by volume based on 
the whole volume of the atmosphere gas. To dilute the hydrogen halide, nitrogen, hydrogen, an inert gas 
such as argon, or an air can be used, 

A pressure of the atmosphere gas containing the hydrogen halide Is usually an atmospheric pressure, 
while it can be freely selected in an industrially used range, By calcining the starting material in such 
atmosphere gas, desired <x~slumina powder is produced at a relatively low temperature. 

A calcining temperature is usually from 500 to 14GG a C, preferably from 600 to 1000*0, more 
preferably from 800 to 1 200 fl C. 

Vtfhen the halogen gas Is used in the sintering step, it is used in a concentration of at least 0.1 % by 
volume, preferably at least 0.5 % by volume, more preferably at least 1 % by volume based oh the whole 
volume of the atmosphere gas. To dilute the halogen gas, nitrogen, hydrogen, an inert gas such as argon, 
or an air can be used. 

A pressure of the atmosphere gas containing the halogen gas is usually an atmospheric pressure, while 
it can be f reely selected in an industrially used range. By calcining the starting material in such atmosphere 
gas, desired a-aiumina powder is produced at a relatively low temperature, 

A calcining temperature is usually from 950 to 1500'C, preferably from 1050 to 14Q0*C, more 
preferably from 11 00 to 1300" a 

When the mixture of the halogen gas and steam is used in the sintering step, the halogen gas is used 
in a concentration of at least 0.1 % by volume, preferably at least 0.5 % by volume, more preferably at 
feast 1 % by volume, and the steam is used in a concentration of at least 0.01 % by volume, preferably at 
least 0.1 % by volume, more preferably at least 0.5 % by volume, based on the whole volume of the 



EP 0 980 929 At 



atmosphere gas. To dilute the halogen gas, nitrogen, hydrogen, an inert gas such as argon, or an .sir can be 
used. The steam is supplied in a calcining furnace with nitrogen gas, and its volume percentage is 
controlled by the change of saturated steam pressure of water depending on a temperature. 

A pressure of the atmosphere gas containing the mixture of the halogen gas and the steam is usually 
s an atmospheric pressure, while It can be freely selected in an industrially used range, By calcining the 
starting material in such atmosphere gas, desired cx-alumina powder is produced, 

A calcining temperature is usually from 500 to 1400*0, preferably from 600 to 1300 a C, more 
preferably from 800 to 1200 * G. 

When the starting material is calcined in the above atmosphere gas at the respective calcining 
w temperature, cralumina powder of which are hardly agglomerated and have the narrow particle distribution 
is produced at an industrially advantageous production rate. 

The calcination is effected till the transition alumina or alumina compound, grows m ^-alumina crystal. 

'^Aiw^^^^^e l^^o^of^^^senl -Sntion; i-alumina powder fi produced m relatively -short time 

is in comparison with the conventional methods. 

A source of the atmosphere gas and a manner for supplying the atmosphere gas are not critical insofar 
as the atmosphere gas can be supplied to the reaction system in which the starting material such as the 
transition alumina is present For example, as a source of the hydrogen haiide gas or the halogen gas, a 
gas in a cylinder is generally used, while it is possible to use a halogen compound in a solid or liquid state, 

so which is supplied so that the desired atmosphere composition is achieved. 

As a solid or liquid source of the hydrogen haiide gas, there are exemplified a solution of a hydrogen 
haiide such as hydrofluoric acid, hydrochloric acid and hydroiodic acid; halogen-containing compounds 
such as ammonium haiide (e,g, ammonium chloride, ammonium bromide and ammo- 

nium Iodide); halogen-containing polymers; and so on. Among them, ammonium chloride is preferred. For 

25 example, since ammonium chloride is sublimated at about 400 'G, it is mixed with the starting material or 
supplied in the furnace together with the starting material and sublimated to form the atmosphere containing 
hydrogen chloride gas. When the calcination is carried out in a batch manner using ammonium chloride, 
ammonium chloride is completely decomposed at the calcining temperature in the present invention to form 
an atmosphere comprising 33 % by volume of hydrogen chloride gas, 17 % by volume of nitrogen gas and 

30 50 % by volume of hydrogen gas according to molar ratios. Then, the concentration of the hydrogen 
chloride can be adjusted by selecting the amount of charged ammonium chloride and a volume of the 
furnace. ^ ^ ^ ^ ^ ^ ^ _ 

JiCfHu h?&rim+ \tqM brorrut ail, iiiiogfe used in the | 

35 SSfSfe #§i/1& ammonium chloride. 

As the concentration of the hydrogen haiide is higher, high purity a-alurnina powder can be produced at 
a lower calcining temperature in a shorter calcining time. 

The gas can be supplied in a batch manner or a continuous manner. 

A type of a calcining apparatus is not limited, and any of conventional apparatuses may be used. A 
4o furnace is preferably made of a material which is not corroded by the hydrogen haiide gas or the halogen 
gas, and comprises a mechanism for adjusting the atmosphere. 

Since the acidic gas such as the hydrogen haiide gas or the halogen gas is used, the furnace is 
preferably an airtight one. In the industrial production, a tunnel furnace, a rotary 'Win, or a pusher furnace 
can be used. 

45 An apparatus used in the method of the present invention such as a crucible or a boat is preferably 

made of alumina, quartz, acid-resistant brick, platinum, silicon carbide, mullite or graphite since the reaction 

proceeds in the acidic atmosphere, 

To effectively carry out the calcination of the starting material in the industrial production, the solid or 

liquid hydrogen haiide gas source and/or halogen gas source are supplied directly in the furnace and the 
so starting material is continuously calcined in the atmosphere containing the hydrogen haiide gas and/or the 

halogen gas. 

In this case, the transition alumina .end/or the alumina compound is calcined by supplying the solid or 
liquid hydrogen haiide gas source, the solid or liquid halogen gas source or their mixture directly in the 
calcining furnace so as to form the atmosphere gas containing at least 1 % by volume, preferably at least 5 
as % by volume, more preferably at least 10 % by volume of the hydrogen haiide gas, the halogen gas or 
their mixture. 

The halogen gas source and the steam can be supplied at the same time. 
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A concentration of the hydrogen halide gas or the halogen gas in the atmosphere of the- calcining 
furnace in which the starting material is calcined is maintained in the above specified range. Then, the 
hydrogen halide gas source or the halogen gas source is supplied in an amount sufficient for maintaining 
such concentration. There is no disadvantage in supplying the hydrogen halide gas source or the halogen 
gas source in an excessive amount and it Is not necessary to remove the unused gas source from the 
furnace. 

Preferably, the solid or liquid hydrogen halide gas or halogen gas source is supplied directly in the 
calcining furnace. The gas source may be supplied independently or as a miKture with the alumina starting 
material. For example, when a continuously running furnace in which the starting material Is supplied at 
interval such as the pusher type tunnel furnace is used, the gas source is charged in a vessel In which the 
alumina starting material is charged and then placed in the furnace, in this case, a gas supplying equipment 
which is necessary when the gas bomb is used can be neglected. 

To maintain the necessary concentration of the hydrogen halide gas and/or the halogen gas in a highest 
temperature homogeneously heating zone of the furnace, the hydrogen halide gas and/or the halogen gas 
which are generated by the decomposition of the gas sources are flowed preferably in parallel with the 
supply direction of the transition alumina andfor the alumina compound. 

To supply the hydrogen halide gas and/or the halogen gas in parallel with the supply direction of the 
starting material, the gas is flowed from an entrance of the starting material towards the highest temperature 
homogeneously heating zone by conveying the gas with the nitrogen gas, or the gas is sucked from an exit 
of cr-alumina powder by a blower. Thereby, the concentration of the hydrogen halide or halogen gas In the 
furnace atmosphere can be easily maintained in the specific range In the zone where the starting material is 
calcined. 

Herein, the highest temperature homogeneously heating zone means a zone in which the transition 
alumina and/or the alumina compound is reacted with the hydrogen halide gas and/or the halogen gas and 
calcined. In the furnace, the temperature in this zone should be kept at the highest temperature most 

suitable for the reaction. mmmsm®? m:<-' 

The cateinmg temperate is mMy rrorr. GOO'C Vj i400*C, preferably from 700'C to 1300*0, more 
preferably fro^^^^^|^^i^^Vhen the raw material is calcined in this temperature range, the *- 
alumina partic^^^^^^agglomerated, the powdery a-afumina having the narrow particle size distribution 
just after the calcination can be produced at the industrially advantageous production rate. 

THi llifcS^ time Is the same as described above. 

While the continuous calcining furnace with which the starting materia! is continuously supplied and the 
product is continuously taken out such as the tunnel furnace or the rotary kiln is used, an electric heating 
type or indirect gas heating type tunnel furnace is preferably used. 

in the present invention, since the starting material is calcined in the atmosphere containing the 
hydrogen halide gas, the halogen gas or the mixture of the halogen gas and the steam, the halogen may 
remain In the calcined product. In such case, the halogen is preferably removed from the product. 

For example, since the fine ^alumina powder having the partiQi^^-*4 - : *m or less has a large 
surface area, the bulk of the powder may contain 200 pm or larger of the halogen just after calcination. 
Even the a-alumina powder having the particle size of several u,m may contain several ten ppm of the 
halogen. 

When the a-alurnina powder containing several hundred ppm or larger of the halogen is used, for 
example, as tie raw material of the encapsulant, the corrosive halogen gas leaks out from the sealed iC and 
breaks aluminum wirings. Then, when the a-alumina powder is used in the applications in which the halogen 
ion will have the adverse affect such as the raw material of the single crystal, encapsulant, high purity 
sintered body, etc., the halogen is preferably removed, 

a) The a-aiumina powder containing the halogen is heated in an atmosphere of an air or nitrogen gas 
which may additionally contain at least 0.1 % by volume, preferably at least 1 % by volume, more 
preferably at least 10 % by weight of at least one gas selected from the group consisting of steam, 
oxygen, hydrogen, carbon dioxide, an alcohol and ammonia, at a temperature of from 400 * C to 1400 * C, 
preferably from 600 °C to 1200 *C. ^^^^r^i^WB^WS^fO. The treating time is at least 
1 minute, preferably at least 10 minutes, more preferably at least 1 hour. For example, when the 
remaining concentration of the halogen is reduced to 10 ppm or less for some applications, the «- 
alumina powder Is preferably healed in the atmosphere containing at least 1 % by weight of the above 
additional gas at a temperature of at least 800 • C for at least 30 minutes- 

b) The ce-alumina powder containing the halogen is heated in an inert gas atmosphere at a temperature 
of from 600°C to 1400*0, preferably from SGO'C to 1200°C, The treating time is at least 1 minute, 
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preferably at least 30 minutes, mora preferably at least 1 hour. 

c) The a-alumina powder containing the halogen is heated under reduced pressure of 1 Torr or less, 
preferably CM Torr or less at a temperature of from 400 °C to 1400 *0, preferably from 700 °C to 
1200*0. The treating time is at least 1 minute, preferably at least 10 minutes, more preferably at least 1 
hour. 

d) , e) and f> The a-alumtna containing the halogen is (d) washed with water, an alkaline solution £pH of 9 
to 13) or an alcohol and then dried at a temperature of from 70 °G to 300 •C, <e) heated in water, an 
alkaline solution (pH of 9 to 13} or an alcohol to a boiling point of the liquid and dried at a temperature of 
70 ° C to 300 *C, or (f) treated in an autoclave containing water, an alkaline solution (pH of 9 to 13) or an 
alcohol at a temperature of from 70 • C to 200 * C and dried at a temperature of from 70 * C to 300 0 C- 

A kind of the alkaline solution is not limited. For example, aqueous ammonia or an aqueous solution of 
sodium hydroxide is used with adjusting the pH in the above range. 

A kind of the alcohol Is not limited. For example, methanol or ethanol is used- 

In the case of the treatment in the autoclave, when the treatment is carried out under the saturated 
vapor pressure of the solvent, the halogen can be effectively removed 1 . To shorten the treatment time, the 
autoclave equipped with a pressurizing mechanism is preferably used. 

Since an amount of the removed halogen is very small in any method, a commercially available 
calcining furnace or -autoclave can be used. , <g*mmmm»m»* 

When the ^-alumina powder l«:jg^JfiBi^ ; wSwP™ 2 




55 




powder 



removal of me halogen, in the industrial scale 
production facility, the process can be designed in the convenient order of the steps. 

In the method of the present invention in which the starting material powder is granulated and then 
calcined, the halogen content may be sufficiently low in some cases. Jn such cases, Jh^^ 
step is unnecessary. 

tftio^J mirhq is not mv^l fm e r x%< 
|§t ill the lai if SlpSlilS 
The agglomeration of the a-alurnina mwgm. 

' h 



or example, when the jet mill Is used, the agglomerated 
*pils^ by a very low pressure of supplied air, for example, 1 to 6 




PREFERRED EMBODIMENTS OF THE INVENTION 



The present invention wit! be Illustrated by the following Examples, which do not limit the scope of the 
present invention In any way, 
40 In the Examples, the measurements were carried out as follows: 

1. Measurement of number average particle size and particle size distribution (D90/D10) of «-aJ.umtna 
powder 

45 (1) The number average particle size is obtained by selecting 80 to 100 particles from a scanning 
electron microscopic photograph of the a-alumina taken by the scanning electron microscope T-30G 
manufactured by Nippon Electron Co., Ltd. and image analyzing them to calculate an average value of 
equivalent circle diameters of the particles and the distribution. The equivalent circle radius is a diameter 
of a circle having the same area as that of the particle. 

50 (2) T^D^a/P^sk^tio is measured by a master sizer {manufactured by Malvern Instrument, Inc.) which 
uses a laser beam scattering method as a measurement principle. D10 and Q$q are particle sizes at the 
10 % accumulation and the 90 % accumulation, respectively from the smallest particle size in the 
accumulated particle size distribution. 

55 2. Measurement of particle shape {D/H ratio) of o-alomina powder 

Herein, the particie shape is represented by the D/H ratio where D is the maximum particle size of the 
w-aiumina particle having the hexagonal close-packed lattice in a direction parallel to the hexagonal lattice 
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plane and H is a particle size in a direction perpendicular to the hexagonal lattice plane. 

The D/H ratio is obtained by selecting 5 to 10 particles from a scanning electron microscopic 
photograph of the a-aiumina powder taken by the scanning electron microscope T-300, measuring the P 
and H, calculating the D/H ratio of each particle and averaging the D/H ratios of 5 to 10 particles. 

3, Measurement of a concentration of remaining halogen 

An amount of remaining halogen of 10 ppm or larger is measured by the X-ray fluorescent analysis. 
That is, the a-alumina powder is charged in a container having a diameter of 40 mm and irradiated by 
w ray. 

An amount of remaining halogen of less than 10 ppm is measured by the glow discharge mass 
spectroscopy. That is, the «-aiumfna powder is deposited on an in wire and analyzed. 

4. Apparent density of particles 

15 

The granulated starting material power (10 g) is charged in a 200 cc measuring cylinder, a volume is 
measured and then an apparent bulk density is calculated- 

Example 1 

20 

A transition alumina powder which is prepared by hydroiyzing an. organic aluminum compound (AKP- 
015 <trade name) manufactured by Sumitomo Chemical Pa, Ltd.) (1 kg) was granulated with a vertical 
granulator (manufactured by Powrex Company) in the presence of water {1 kg), and dried at 120 *G for 1 
hour to obtain particles. 

25 The particles (800 g) were filled in a graphite boat and calcined in a cylinder furnace having a quartz 
muffle. The temperature was raised at a heating rate of 5G0*C/hr with flowing nitrogen gas, When the 
temperature reached 800 *G, the%|^^^pil0S^h chloride gas was supplied using nitrogen gas as , a diluent 
gas. A concentration of h^^^^p^SffB^^ the furnace atmosphere was controlled by adjusting flow rates 
of the nitrogen gas and the hydrogen chloride gas by flow meters. The total flow amount of the atmosphere 

30 gas was adjusted to a linear velocity of 20 rnm/min. A total pressure of the atmosphere gas was equal to 

the atmospheric pressure. 

After reaching 1100 'C, that temperature was maintained f^^i^|iils and then cooled spontaneously 
to obtain a-aiumina powder. The production conditions and the results are shown in Table 1 . 

35 Exam ple 2 

In the same manner as In Example 1 except that the af-aiumina powder obtained in Example 1 was 
heated in an air at 600" C for 3D minutes to remove chlorine, the desired u-aiumina powder was produced. 
The results are shown in Table 1 . 

40 

Example 3 

As a starting material, aluminum hydroxide which was synthesized by hydrolyzing an organic aluminum 
compound was used, it was granulated and calcined at 800 8 C to obtain particles. Then, tie particles were 
45 treated in the same manner as in Example 1 to obtain a-aiumina powder, which was heated in the air at 
600 "C For 30 minutes to remove chlorine to obtain the desired or-alumina powder. The results are shown in 
Tablet. 

Example 4 

50 

The transition atumina powder (AKP-G15) {600 g) and, as a seed crystal, a-aiumina powder (AKP-50 
(trade name) manufactured by Sumitomo Chemical Co., Ltd.) (34.8 g) were mixed and the mixture was 
granulated and calcined in the same manner as in Example 1 to obtain a-aiumina powder- This powder was 
heated in the air at 600 9 O for 30 minutes to remove chlorine to obtain the desired a-aiumina powder. The 
55 results are shown in Table 1 . 
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Example 5 

The a-alumjna powder obtained in Example 4 was milled by a jet mill (PJIM-10QSP manufacture by 
Nippon Pneumatic industries Co., Ltd.) under air pressure of 6 kg/cm 2 at a powder supply rate of 2.4 kg/hr. 
5 The results are shown in Table 1 , 

Fig, 1 is a scanning electron microscopic photograph of the ^-alumina powder produced in Example 5 a 
and Fig. 2 is a graph showing the particle size distribution of the «-alumha powder produced in Example 5. 

Example 6 

w 

The transition alumina powder (AKP-G15) (600 g) and, as a seed crystal, «-alumin.a powder (AKP-50) 
(34*8 g) were mixed and the mature was granulated and calcined in the same manner as in Example 1 to 
obtain a-atumtna powder. The obtained ^-alumina powder was milled in the Jet mill under air pressure of 6 
kg/cm 2 at a powder supply rate of 2.4 kg/hr and heated in the air at 600 *C for 30 minutes to remove 
ts chlorine to obtain the desired <*-alumjna powder. The results are shown In Table 1 . 

Example 7 

The transition alumina powder (AKP-GT5) (600 g) and, as a seed crystal, the a-aiumina powder {AKP- 
20 50) (34.8 g) were mixed, and the mixture was granulated using the vertical granulator in the same manner 
as in Example 1 to obtain particles. 

The particles (600 g) was filled in a graphite boat and calcined in a cylinder furnace having a quartz 
muffle. The temperature was raised at a heating rate of SG0 a C/hr using no diluent gas, When the 
temp^ertur^^c|iied 400 D C, ^m^^m^m^m^mm^m^ was supplied. A concentration of 
25 -fipW|iBSliteiii in the furnace atmosphere was controlled by adjusting flow rate of the hydrogen chloride 
gas by a flow meter. The flow amount of the atmosphere gas was adjusted to a linear velocity of 20 
mm/min. A total pressure of the atmosphere gas was equal to the atmospheric pressure. 

After reaching 600 °C. that temperature was maintained for 90 minutes and then cooled spontaneously. 
The obtained a -alumina powder was heated in the air at 600 0 C for 30 minutes to remove chlorine and 
so milled by the jet mill under air pressure of 6 kg/cm 2 at a powder supply rate of 2.4 kg/hr to obtain the 
desired «-alumina powder, 

The results are shown in Table 1 . 

Example 8 

35 

The transition alumina powder (AKP-G15) {600 g) and, as a seed crystal, the <*-afumina powder (AKP- 
50) (34.8 g) were mixed, and the mixture was granulated using the vertical granulator in the same manner 
as in Example 1 to obtain particles. 

The particles (800 g) was filled in a graphite boat and calcined in a cylinder furnace having a quartz 

40 muffle- The temperature was raised at a heating rate of 500*C/hr using no diluent gas. When the 
temperature reached .800 'C, only the Wf^^f^t (jfeMr**r supplied. A concentration of chlorine in the 
furnace atmosphere was controlled by adjusting a flow rate of the chlorine gas by a flow meter. The flow 
amount of the atmosphere gas was adjusted to a linear velocity of 20 mm/mm. A total pressure of the 
atmosphere gas was equal to the atmospheric pressure. 

46 After reaching 12QG e C, that temperature was maintained for 30 minutes and then cooled spontaneously 
to obtain «-alumina powder. 

The obtained ^-alumina powder was heated In the air at 600 6 0 for 30 minutes to remove chlorine and 
milled by the jet mil! under air pressure of 8 kg/cm 2 at a powder supply rate of 2,4 kg/hr to obtain the 
desired a-aJumlna powder. 

so The results are shown in Table 1 . 

Example 8 

The transition alumina powder (AKP-G15) (600 g) and, as a seed crystal, the a-alumina powder (AKP- 
55 50) (34,8 g) were mixed, and the mixture wm granulated using the vertical granulator in the same manner 
as in Example 1 to obtain particles. 

The particles (600 g) was filled in a graphite boat and calcined in a cylinder furnace having a quartz 
muffle. The temperature was raised at a heating rate of 500°C/hr with flowing nitrogen gas, When the 
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temperature reached §00 *C, the bomb chlorine gas and steam were supplied using a nitrogen gas as & 
diluent gas. A concentration of chlorine in the furnace atmosphere was controlled by adjusting flow rates of 
Hie chlorine gas and the nitrogen gas by flow meters. The total flow amount of the atmosphere gas was 
adjusted to a linear velocity pf 20 mm/min. A total pressure of the atmosphere gas was equal to the 
5 atmospheric pressure. 

After reaching 800 •C, that temperature was maintained for 90 minutes and then cooled spontaneously 
to obtain a-alumina powder. 

The obtained a-alumina powder was milled by the jet mill under air pressure of 6 kg/cm 2 at a powder 
supply rate of 2.4 kg/hr and heated in the atr at 600 6 C for 30 minutes to remove chlorine to obtain the 
to desired a-aiumlna powder. 

The results are shown in Table 1. 

Example 10 

is The transition alumina powder (AKP-G15) (000 g> .and, as^shape-rogulating agent, iVigO po^l^p- 
{manufactured by WAKO Jtl.NYAKU Co., Ltd.) ^^^ere ml^etff^^^^^^^^^^^^^^Win^m 
vertical granulator in the same manner as in Example 1 to obtain particles. 

The particles (600 g) was filled in a graphite boat and calcined in a cylinder furnace having a quartz 
muffle. The temperature was raised at a ^^^BL0BJ^f 5pO*C/hr with flowing nitrogen gas, When the 

20 temperature reached 800 °C, the bomb %0t<^n t^rftliilj^as supplied using a nitrogen gas as a 
diluent gas. A concentration of hydrogen chloride In the furnace atmosphere was controlled by adjusting 
flow rates of the hydrogen chloride gas and the nitrogen gas by flow meters. The total flow amount of the 
atmosphere gas was adjusted to a linear velocity of 20 mm/min. A total pressure of the atmosphere gas was 
equal to the atmospheric pressure, 

25 After reaching 1100 3 G, that temperature was maintained for 30 minutes and then cooled spontane- 
ously. 

The obtained «~alumina powder was heated in the air at 600 *C for 3D minutes to remove chlorine to 
obtain the desired a-alumina powder. 
The results are shown in Table 1 . 

30 

Example 1 1 

The transition alumina powder (AKP-G15) (600 g), p :: #jeed crystal, a-alumina powder (AKP-50) (34.8 
g) and, as a shape-regulating agent, fngO pc«#l|WMttured by WAKO JUNYAKU Co., Lfd.) "( : tP 0~ 
zs were mixed and the mixture was granulated using the vertical granulator in the same manner as In Example 
1 to obtain particles. 

The parades {600 g) were filled in a graphite boat and calcined in a cylinder furnace having a quartz 
muffle. The temperature was raised at a heating rate of 500'C/hr with flowing nitrogen gas, When the 
temperature reached 800 *C, the bomb hydrogen chloride gas was supplied using a nitrogen gas as a 
40 diluent gas, A concentration of hydrogen dilovide in the furnace atmosphere was controlled by adjusting 
ffow rates of the hydrogen chloride gas and the nitrogen gas by flow meters. The total flow amount of the 
atmosphere gas was adjusted to a linear velocity of 20 mm/min. A total pressure of the atmosphere gas was 
equal to the atmospheric pressure. 

After reaching i100*C s that temperature was maintained for 30 minutes and then cooled sppntane- 
45 ously. 

The obtained a-alumina powder was milled by the jet mill under air pressure of 6 kg/cm 2 at a powder 
supply rate of 2.4 kg/br and heated In the air at 600 * C for 30 minutes to remove chlorine to obtain the 
desired a-alumina powder. 

The results are shown in Table 1 , 

50 

Example 12 

The transition alumina (AKP-G15) (600 g) and, as a seed crystal, cr-alumina powder (AKP-S0) (34.8 g) 
were mixed and the mixture was granulated and calcined in the same manner as in Example 1 to obtain «- 
55 afumina powder. 

The obtained « -alumina powder was heated in the .air at 1000 °C for 60 minutes to remove chlorine and 
milled in a jet mill under air pressure of 8 kg/cm 2 at a powder supply rate of 2A kg/hr to obtain desired a- 
alumina powder. 



4 
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The results are shown in Table 1. 
Example 13 

5 The transition alumina powder (AKP-G15) (600 g) and, as a seed crystal, cf-alumina powder (AKF-50) 
(34.8 g) were mixed and the mixture was granulated using the vertical granulator in the same manner as in 
Example 1 to obtain particles. 

The particles {600 g) were filled in a graphite boat and calcined in a cylinder furnace having a quartz 
muffle. The temperature was raised at a heating rat© of 5Q0*C/hr with flawing nitrogen gas. Wt$h the 

to temperature reached 000 * C, the bomb hydrogen chloride gas was supplied using a nitrogen gas as a 
diluent gas, A concentration of hydrogen chloride in the furnace atmosphere was controlled by adjusting 
flow rates of the hydrogen chioride gas and the nitrogen gas by flow meters, The total flow amount of the 
atmosphere gas wag adjusted to a linear velocity of 20 mm/m\r\. A total pressure of the atmosphere gas was 
equal to the atmospheric pressure, 

15 After reaching 11QG B C, that temperature was maintained for 30 minutes and then cooled spontane- 
ously. 

The obtained a-alumina powder was heated in an atmosphere consisting of 25 % by volume of steam 
and 75 % by volume of nitrogen at 500 6 C for 60 minutes to remove chlorine and milled by the jet miil 
under air pressure of 0 kg/cm 2 at a powder supply rate of 2,4 kg/hr. 
2o The results are shown in Table 1 , 

Example 14 

In the same manner as tn Example 12 except mat the dechlorination was carried put at 000 vC, «- 
25 alumina powder was produced. The results are shown in Table 1 . 

Example 15 

In the same manner as in Example 12 except that the dechlorination was carried out at 1 100 0 C for 180 
so minutes in a pure nitrogen atmosphere, a-alumina powder was produced. The results are shown in Table 1 . 

Example 16 

in the same manner as in Example 12 except that the dechlorination was carried out at 1000 °G for 60 
35 minutes under pressure of 0.1 Torr which was generated by a rotary pump {GVD*050A manufactured by 
5H.INKU KI&O Co., Ltd.), a-aiumina powder was produced. The results are shown in Table 1. 

Example 17 

40 In trie same manner as tn Example 12 except that the dechlorination was carried out by washing <*- 
alumina with water and drying it at 250 * C for 60 minutes* a-aiumina powder was produced. The results are 
shown in Table 1. 

Example 18 

45 

The transition alumina (AKP-G15) (600 g) and, as a seed crystal, a -alumina powder {AKP^50) {34.8 g) 
were mixed and the mixture was granulated and calcined in the same manner as in Example 1 to obtain v- 
alumina powder. 

The obtained ^-alumina powder was heated in an autoclave at 180°C for 2 hours to remove chlorine 
so and milled in a jet mill under air pressure of 8 kg/cm 2 at a powder supply rate of 2.4 kg/hr to obtain the 
desired a-alumina powder, 

The results are shown in Table 1 . 

Examples 18-22 

66 

in the same manner as in Example 6 except that the composition of the atmosphere gas, the calcining 
temperature and the calcining time were changed as shown in Table 1, a-alumina powder was produced. 
The results are shown in Table 1 . 
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Example 23 

In the same manner as in Example 16 except thai the granulation was carried put using a pan type 
granuiator and an apparent bulkj^^j^was changed to 0,55 g/cm 3 , the «™alumina powder was produced, 
The cr-aiiimina powder had thelgj^KifW 3 of 3 and the D/H ratio of 1 • 

Comparative Exampie 1 

The same aluminum hydroxide as prepared in Example 3 (200 g) was used as the starting alumina and 
calcined in the air In a cylinder furnace having a quartz muffle. The temperature was raised at a heating rate 
of 500'C/hr. After reaching 11.00'C, that temperature was maintained for 30 minutes and then cooled 
spontaneously. But, the desired a-aiumlna powder was not produced. The results are shown in Table 1. 

Comparative Example 2 

In the same manner as In Example 4 except that the transition alumina powder was not granulated, a- 
aiumina powder was produced but had a low bulk density of 0.1 g/cm 3 . 

Example 24 

Aluminum hydroxide which was synthesized by hydrofyzing aluminum isopropoxide was used as an 
alumina starting material and granulated by a pan type granuiator to obtain spherical particles having 
diameters of 2 to ,3 mm. The particles were precalcined at 800 6 C for 1 hour to obtain transition alumina 
having a BET surface area of 150 m 2 /g. 

The transition alumina {600 g) was charged in alumina-made calcining vessels and the vessels were 
conveyed in a pusher type tunnel furnace having a highest temperature homogeneously heating zone kept 
at 1100*C by an electric heater at an interval of 17 minutes. One vessel per every ten vessels contained 
ammonium chloride (1-2 kg). Each vessel passed the homogeneously heating zone over a period of 1 hour. 
To supply hydrogen chloride gas which was generated by the decomposition of ammonium chloride in the 
high temperature zone of the calcining furnace, nitrogen gas was flowed from a gas intet which was 
positioned on the raw material supply side. A concentration of hydrogen chloride in the atmosphere gas in 
the furnace was 18 % by volume. The alumina obtained by calcining was aJumina ^^fl r ^fp ] S^^0^- 
of a-alumina particles having a polyhedral shape and a «M#^nf|l'WiPTO W' : ^l^^d was 
easily milled. 

Example 25 

The transition alumina which was granulated in the same manner as in Example 24 was calcined in the 
same manner as in Example 24 except the following conditions: 

To each calcining vessel, ammonium chloride (200 g) was charged, and thereafter the transition alumina 
(400 g) was charged over ammonium chloride. Then the vessels were conveyed in the calcining furnace, 
No nitrogen gas was flowed. The concentration of hydrogen chloride in the atmosphere gas in the furnace 
was 25 % by volume. 

The alumina obtained by calcination was alumina powder which consisted of a-alumina particles having 
a polyhedral shape and ay/ggft^ milled. 

Example 28 

The transition alumina powder (AKP-B15) (30 kg), as a seed crystal, a-alumina powder (AKP-30 (trade 
name) manufactured by Sumitomo Chemical Co., Ltd,) {900 g) and ammonium chloride (1 ,5 kg) were mixed 
in a twin-shell blender, and granulated by the vertical granuiator. After drying at 120 ti C for 1 hour, the 
mixed raw material (950 g) was charged in alumina-made calcining vessels and the vessels were conveyed 
in a pusher type tunnel furnace having a highest temperature homogeneously heating zone kept at 1 100 0 C 
by an electric heater at an interval of 8.5 minutes. Each vessel passed the homogeneously heating zone 
over a period of 0,5 hour. To supply hydrogen chloride gas which was generated by the decomposition of 
ammonium chloride In the high temperature zone of the calcining furnace, nitrogen gas was towed from a 
gas Inlet which was positioned on the raw material supply side, A concentration of hydrogen chloride in the 
atmosphere gas in the furnace was 3 % by volume. The alumina obtained by calcination was alumina 
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powder which consisted of <*-alumina particles having a polyhedral shape an* 



10 



Comparative Example 3 

In the same manner as in Example 23 except that ammonium chloride was not used, the transition 
alumina powder which mainly consisted of a-alumina was obtained. 

Comparative Example 4 

in the same manner as in Comparative Example 3 except that the homogeneously heating zone was 
heated at 1.300 the transition alumina was calcined to obtain a-alumina powder which had nonuniform 
particle shape and | ||i|tp£ average particle and contained hard agglomerated particles. 
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Table 1 





S tart ing 
Material 


Granu- 
lation 


Seed 

Crystal 


Shape-regu- 
lating agent 


Apparent bulk 
density (g/cir) 


Example 1 


Transit ion alumina 


Yes 


No 


No 


A ft N* 

0* 3 5 


Example 2 


Transition alumina 


Yes 


No 


No 


0. 3 5 


Example 3 


Aluminum hydroxide 


Yes 


la. t 

No . 


No 


0 . 4 5 


Example 4 


Transition alumina 


Yes 


Yes 


No 


0. 3 5 


Ixanpie 5 


Transition alumina 


Yes 


Yes 


No 


0 . 3 5 


Example 8 


Transition alumina 


Yes 


Yes 


No 


0.35 


Example 7 


Transition alumina 


Yes 


Yes 


No 


0. 3 5 


example 8 


Transition alumina 


Yes 


Yes 


No 


0 . 3 5 


Example 9 


Transition alumina 


Yes 


Yes 


No 


0.3 5 


Example 10 


Transition alumina 


Yes 


No 




0.3 5 


Example 11 


Transition alumina 


Yes 


Yes 




0.35 


Example 12 


Transition alumina 


Yes 


Yes 


Ho 


0. 3 5 


Example 13 


Transition alumina 


Yes 


Yes 


No 


0. 3 5 


Example 14 


Transition alumina 


Yes 


Yes 


No 


0. 3 5 


Example IS 


Transition alumina 


Yes 


Yes . 


No 


0. 3 5 


Example 16 


Transition alumina 


Yes 


Yes 


No 


/-V (TV 

0 . 3 5 


Example 17 


Transition alumina 


Yes 


Yes 


No 


0.3 5 


example lo 


Transition alumina 


Yes 


Yes 


XT — 

No 


U. 45 


[Example IS 


Transition alumina 


Yes 


Yes 


No 


0. 3 5 


Example 20 


Transit ion alumina 


Yes 


Yes 


No 


0. 35 


Example 21 


Transition alumina 


Yes 


Yes 


No 


0. 3 5 


Example 22 


Transition alumina 


Yes 


Yes 


No 


0, 35 


Com, £x. 1 


Aluminum hydroxide 


Yes 


No 


No 


0. 4 


Com. Ex. 2 ! 


Transition alumina 


No 


Yes 


No 


0. 1 
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Table 1 (cont'd) 





Sintering 
lerap, (X) 


Sintering 
lime (mm, ) 


Atmosphere gas comp. (vol. %) 


HC1 








Example 1 


110 0 


3 0 


3 0 






7 0 


Ixa-npLe 2. 


1 1 0 0 


3 0 


3 0 






7 0 


Example 3 


110 0 


3 0 


3 0 






7 0 ; 


Exaaqjle 4 


110 0 


3 0 


3 0 






7 0 


Example 5 


110 0 


3 0 


3 0 






7 0 


Example 6 


110 0 


3 0 


3 0 






7 0 


Example 7 


6 0 0 


9 0 


1 0 0 








Example 8 


12 0 0 


3 0 




10 0 






Example 9 


8 0 0 


9 0 




3 0 




6 5 


E&aiople 1C 


110 0 


3 0 


3 0 






7 0 


Example 11 


1 1 0 0 


3 0 


3 0 






7 0 


Example 12 


110 0 


3 0 


3 0 






7 0 


Example 11 


110 0 


3 0 


3 0 






7 0 


Example 14 


110 0 


3 0 


3 0 






7 0 


Example 15 


110 0 


3 0 


3 0 






7 0 


Example 16 


110 0 


3 0 


30 






7 0 


Example 17 


110 0 


3 0 


3 0 






7 0 




t t n n 

ijiuy 


o U 


3 0 






7 0 


Example 19 


110 0 


180 


5 






9 5 


Example 2f 


110 0 


6 0 0 


1 






99 


Example 2i 


800 


1 20 


1 0 0 








Example 22 


900 


30 


100 








Con. Ex. 1 


110 0 


3 0 


In air 


Com. Ex. 2 


1100 


30 


30 




70 
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Table 1 (cont'd) 





Commi- 
nution 


Dechlo- 
rination 


Alpha-alumina powder 


Concentration, 
of CI 2 (pps)f 


V:l ■/Av V L£.' til / 






Example 1 


No 


No 


4 8 


* " ' ""* ~ 


4 


1 ■ 


Example 2 


No 


Yes 


5 




4 


1 


Ex&siple 3 


No 


Yes 


4 




3 


1 


Example 4 


No 


Yes 


3 4 




1 0 


1 


Example 5 


Yes 


Yes 


3 2 


0 . 6 


3 


1 


Exaiaple 6 


Yes 


Yes 


3 X 


0. 6 


3 


1 


Example 7 


Yes 


Yes 


2 9 


0.6 




1 


Exaiaple 8 


Yes 


Yes 


3 2 


0, 6 




1 


Example 9 


Yes 


Yes 


2 7 


0. 6 




1 


Example 10 


No 


Yes 


7 


1 1 




1, 2 


Example 11 


Yes 


Yes 


2 9 


0.6 




X . si 


Example 12 


Yes 


Yes 


4 


0. 6 




1 


Example 13 


Yes 


Yes 


110 


0. 6 


3 


1 


Example 14 


Yes \ 


Yes 


1 0 


0. 6 


3 


1 


Example 15 


Yes 


Yes 


2 5 


0 . 6 


3 


1 


Example 16 


Yes 


Yes 


6 


0. 6 


3 


1 


Example 17 


Yes 


Yes 


1 9 


0. 6 


3 


1 


Example 11 


Yes 


Yes 


1 8 


0. 6 


3 


1 


Example 19 


Yes 


Yes 


32 


0, 6 


3 


1 


Example 20 


Yes 


Yes 


3 1 


0, 6 


3 


1 


Example 21 


Yes 


Yes 


29 


0. 6 


4 


1 


Example 22 


Yes 


Yes 


3 3 


0. 6 


3 


1 


Com. Ex. 1 


No 


No 




0.1 


2 5 


nonuniform 
unmeasured 


Cos. Ex, 2 


No 


No 


310 






1 



Claim© 



1. A method for producing a-aiumina powder comprising the -steps of granulating at least one alumina 
starting material selected from group consisting of transition alumina and alumina compound to obtain 
particles and calcining said particles in a halogen-containing atmosphere which comprises a hydrogen 
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halide gas, a halogen gas or a mixture of a halogen gas and steam and contains at least 0.1 % by 
volume of at feast one halogen-containing gas selected from the group consisting of hydrogen halide 
gas and halogen gas- 

s 2. The method according to claim 1, wherein a concentration of said haiogen-containing gas is at least 1 
% by volume. 

3. The method according to claim 1 , wherein said starting materia? contains at least one additive selected 
from the group consisting of a seed crystal and a shspe-regujateg agent. 

10 

4. The method according to claim 2, wherein said alumina starting material is calcined in an atmosphere 
containing a halogen-containing gas which Is generated by 'supplying at least one gas source selected 
from the group consisting of solid and liquid hydrogen halide gas sources and solid and liquid halogen 
gas sources directly in a caldnlng system. 

f.5 

5. The method according to claim 3, wherein at least one gas source selected from the group consisting 
of solid and liquid hydrogen halide gas sources and solid and liquid halogen gas sources is mixed with 
said starting material and then a mixture is supplied in a calcining furnace. 

20 6. The method according to claim 4 or 5, wherein a calcining temperature is from 600 • C to 1 400 * G. 

7. The method according to claim 4 or 5, wherein said hydrogen halide gas source is an ammonium 
halide. 

£?s 8, The method according to claim 7, wherein said ammonium halide is ammonium chloride, 

& The method according to claim 3, wherein said seed crystal is at least one compound selected from 
the group consisting of compounds of aluminum, titanium, vanadium, chromium, iron and nickel 

so 10. The method according to claim 3, wherein said shape-regulating agent is at least one material selected 
from magnesium, calcium, strontium, yttrium, zirconium, niobium, vanadium, molybdenum, copper, 
zinc, boron, silicon, lanthanum, cerium, neodymium, and compounds thereof. 

11. The method according to claim 1, wherein said starting material is calcined in an atmosphere gas 
$5 containing at least 0.1 % by volume of said hydrogen halide gas at a temperature of from 500 P C to 
1400'C. 

■12. The method according to claim 1, wherein said starting material is calcined in an atmosphere gas 
containing at least 0,1 % by volume of said halogen gas at a temperature of from 95D 9 C to 1500 0 C. 

40 

13- The method according to claim 1i wherein said starting material is calcined In an atmosphere gas 
containing at least 0.1 % by volume of said halogen gas and at least 0.01 % by volume of steam at a 
temperature of from 500 • C to 1400 9 C. 
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Pig. l 




Particle size (jam) 



iwmmATionAx^sKmcm retort 



Jnletci*li$floi sprites tioc Hp* 
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